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Anaerobic metabolic strategies include anaerobic respiration (numerous types -e.g. nitrate reduction -Paracoccus denitrificans; sulfur respiration -Desulfuromonadales; methanogenesis -Methanosarsina spp.; iron reductionGeobacter spp.; dehalorespiration -Dehalococcoides ethenogenes) and fermentation (sugars converted to simpler organic compounds like acids, gases and alcohols -e.g.
Lactobacillus spp.). Relatively novel environmental anaerobic strategies include anaerobic ammonium oxidation (Anammox -e.g. Brocadia spp.) and anaerobic methane oxidation (AMO) 1 , which is a syntrophic association between anaerobic methanotrophic archaea (ANME) and sulfate-, iron-, manganese-or nitrate-reducing bacteria 2 . The classic anaerobic synthrophic example is interspecies hydrogen/ formate transfer between a hydrogen/formate producing fatty acid oxidising bacterium (the syntroph) and a hydrogen/ formate consumer (methanogen or sulfate-reducer) 3 .
Microbes vary in their oxygen tolerance and are described as obligate anaerobes if they are killed by atmospheric levels of oxygen due to the lack of catalase and superoxide dismutase that provide oxygen radical protection.
A recent Microbiology Australia issue (The Microbial Ecology of the Environment; November 2014) covered some environmental anaerobic microbiology topics including sulfidic sediments 4 , electromicrobiology (typically comprising an anaerobic anode and an oxic cathode) 5 and chloroethene degradation (dehalorespiration) 6 .
This short review provides a brief overview of three environmental anaerobic metabolic topics and demonstrates metabolic and environmental diversity employed by the microbes. In MIC of steel surfaces, SRB energy production relies on elemental However, more research into the microbiological mechanisms of MIC (anode/cathode metabolism, acid production) is required for additional novel, targeted, reliable control strategies to be developed. These studies will likely involve controlled experimental conditions that simulate the natural settings 10 and determination of specific corrosive strains and their mechanisms.
Microbiologically influenced corrosion (MIC)
Corrosion
Anaerobic ammonium oxidation (Anammox)
Ammonia oxidation has been very well studied and the biochemistry understood in aerobic bacteria (e.g. Nitrosomonas spp.) and more recently in the abundant, ammonium-scavenging, aerobic, marine 18 and it has been found to be environmentally widespread. Despite that for the majority of the 20th century it was thought that the nitrogen cycle was fully understood, Anammox has been found to be responsible for up to:
* 70% of marine nitrogen cycling, and * 50% of marine N 2 production 19 . 21 . Subsequently, secondary ion mass spectrometry and FISH were used in re-confirming AMO in marine methane-seep sediments, for revealing two distinct AMO archaeal groups called ANME-1 (a distant relative of Methanosarcinales and Methanomicrobiales) and ANME-2 (in the Methanosarcinales), and for demonstrating that the AMO in the syntrophic association likely employs a 'reversed methanogenesis' pathway 22 .
Anaerobic methane oxidation (AMO)
A third ANME-3 group (in the Methanosarcinales), typically found near mud volcanoes has been discovered 23 . The ANME clades form syntrophic associations with specific partners and most that have been reported are with SRB, which are in the Deltaproteobacteria.
These syntrophic associations are highly relevant to global carbon cycling since although oceans contribute only 2% of the global methane budget, it has been found that this low net total is due to the fact that AMO utilise 70-300 teragrams of methane per year 24 .
The AMO-SRB synthrophic associations typically form 'microbial reefs' in marine sediments at the sulfate-methane transition zonecritical for the metabolism of both syntrophic partners 25 .
substantially held by the AMO and their syntrophic associations.
Since many aspects of the biochemistry are not fully elucidated, including definitive proof of the reverse methanogensis 25 , it is imperative that urgent research addresses this lack of knowledge Under the Microscope
